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(54) TMe : METHOD OF DNA SEQUENCING 



(57) Abstract 

A method of DNA sequencing for determining the base sequence of a DNA product amplified by the 
polymerase chain reaction without removing a primer and/or 2 ' -deox yribonucleos ide 5' -triphosphate and/or a derivative 
thereof, which method comprises prepa ring a nucleic acid transcription product by the reaction of ribonucleoside 
5 •-triphosphates comprising ATP, GTP, CTP, UTP or deri vatives thereof with one or more 3 '-deoxyribonucleotide 
5 , -triphosphates comprising 3'-dATP, 3'-dGTP, 3 f -dCTP, 3*-dUTP and derivatives thereof in the presence of an 
RNA polymerase and the abovementioned amplified DNA product containing the promoter sequence for the RNA 
polymerase, separating the transcription product thus prepared, and reading the sequence of the nucleic acids in the 
separated fraction. 
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d n a <Dmmw,ntt&5& 



>J /7- trJiaiSCE (PCR) ftfiffin^ftT^^ -e©^Jffl«Sffl*-< 
j£A<o"C^£ CRandall K. Saiki et al. (1988) Science 239, 487-491 } 0 P 

CCorinne Wong et al. (1988) Nature. 330, 384-386 ) 0 :®^ii7>f 

V7*-x:7x-r- (2' dNTP s) #EIE&+KS#U :tl^-?i>X 
KEfr&ttFtf So lot, Ctl^tS^'f v- £2' 

dNTPsit £/— ?iy^:/^CDliincPCR&JKttfr£l&*^£4^#&ofc 0 

i^y-^ttlRj*. flta& HPLC»S!ft*<*S C#Jx.(i\ Dorit R.L. et al. 
(1991) Current Protocols in Molecular Biology. Vol. II. John Wiley and 
Sons. New York. 15. 2. 1-15. 2. o U^U l^Tft©^^^^*. 
2oiCDFrg®(i. PCR£s£ ! ftl©Sii' k .if?£ (renaturation) T£>£o PCR 
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^7-©k"tf b-> 3 y (biotilation ) <JrX h U:/ hT t: "J V&SP&J^CDP 

-5 (#Jx.l£ N Barbara Bachmann et al. (1990) Nucleic Acid Res. Vol.18, 130 

3 © a to |± % P C R £J£^ * ( r 3 f 5 ^ v - & 2' 

5=^-+->'J^? ? U^-i/ K5' h 'J7tX7i- h (2' d NT P s ) ZfettZZ 

RNA^'J > ^--tf'SO'BtliSRNA^'J > 5--tf CD/ci6©:7*n^-*-gE?iJ£- 
^•tTBUie^ ^7 — tf*«SlE»w £ K> Ltz D N A£JMcD?f iSET. 

ATP. GTP. CTPSOTTPXIi^n^ORH^^ncsy^^^U^- 
•>K5' h 'J7 + X7x- h^O*(r3' dATP, 3' dGTP> 3' dCTP. 3' d 
UTPRtf*tt£©SSSK*^£tt* 1 «X(i 2«J^±CD3' U ? 

^F5' h'J7t^7x-h (3' dNTP^i» ^-Ste^-frTSilte^tfctt^ 

T7RNA#'J tfSfORNAstf'J ^ ^-^tRNASte^lfccD^- ~ * 

-9- 3' -r^fU 7 b:*^ K5' F'j7t^7x-h (3'dNT 

P s) ) ^ffll^^U^ h • h5>X? 'J^hi/-^x>^}£fz^-r^ 0 

2 
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K5' h u 7 * * 7 x - hRtf/xit*commft*:fe£-? % z.tt£< jfcjrr 

EiSRfci/r. i o~5 ongoy; s^dnaxiii p?©^ 

-Wfc$tl/:DNA^ 1 0/zMO^7>fv- 2 0 0 ^M©^2' m^'J* 
?^l/*i/K5' F'J7t^7x-h (dATP, dGTP. dCTP. dTTP 
) 0/zl$m'DNAt:'jy7-*'tbT, tWxJiTaqtftf 

fc*A(insert>DNA*<. flBStSRNA^'J * 5— tfOfcfcO^o*- *-E 
^Dt-^-WRNAg¥iiOiBl^i^Ml- RNA**'J^7 

RNAKitt*o«afi^tt©^ |: ^ , '^* l5RNA5}?IJ ^7-^tim 

«itf/<^'Jt7T-^RNA#'jy7-tf (T7, T3SO'SP6H) 
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fcDNAf>^U- h^RNAfe^Oin vitroT©^clir£ < AH ^tlTl^ 

DNAiE^J«r«FllW(w|E^-r* CP. A. Krieg et al. (1987) Methods in Enzymo 
logy 155, 397-415 ] 0 

RNAfe¥W©«iME^©^«. hUIBRNA^U /7- trCD^ftT. A 
TP. GTP. CTPSO'UTPXIiCtl^CDi^^S U s}C? ? b*^ K 
5' h- 'J7t^7x- h (NTP) afeO'tC 1 SXIi 2 «J£LL©3' dNTPif^l 
f*££j££-£6o ft. 3' dNTPi#l*li, Wj^c&^Tte, 3" dATP. 
3'dGTP, 3'dCTP, 3' dUTPSO'cnbO^O^t ttffl^^o 
U*->K5' h'J7t^7x-h (NTP) IStLTti. -e©— SWAT 

e^fltttT'^sRNAXttSttoff^dii, 3' dNTPm&mmo&t 

tlZZttzJiO. 3' t Kd + *>X*<^3¥U RNAXIiWM^Ef^nSc 
ff^tfW dNTPR^T&sa^OS^ORNAXIiSKBrK-^ 
l#£*l£o *gSO^<C^4«^CD3' dNTPHiftCol^ -eft^n. -Ock 

CVladimir D. Axelred er al. (1985) Biochemistry Vol. 24. 5716-5723 ) 0 
[^ 3'dNTP^ftlt lo©SiMK¥S^l«SX{i2«£lJb*ffl^* 
It^io 1«©^©3' dNTP^ft^ffl^t 1 o©tgf^S^ff7 
^ifefS^4@ff7 w tT\ 3' ^£D3' d NTP&*f*©tI3£©#|/d: 
£ 4 ii <9 ©3^¥£i»£#3o 1 H©8fflH£¥ 3' 5fcJ»©3' d NT Pg|^ 
f*(ilU-T\ ^ : F-fi©ll^5a^©RNAX(i^iBBrM-©fi^«KlT&5IE^fiR 

tt^^nso #^n^4iit?©fe^^(ro^T. aarrsfl^ts 
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P C R&Cfc l^T> 2 QS©:/ =y << v-©^-f n^— istzy 7 - - 
KH£^Tt^y^v-£ffl^££\ X»i*(i$n/c#ADNArt(I7T- 

TP»#(*K«fc9*-S*-h£nSo -ecD&m. £-&&Kol^T. RNAXIi 
fH 7 y- (ladder) H^i/— 2 x.>X&tii&iZ&&(.£tl2> 0 

li*$W§c»8c*W 3 - £0 *©f&CH PLCffeffll^: tfrX*% 60 

^ £ R N AXWSBIOB^IJ SCt^*o 
RNAXti^i7 ^-©^^0li> lE^ttKEEfwfflV** K5* 

hij7t^7x-h (ntp) is^aiaft-rs-tjcio^T^-^T^So 

RNAXt**£&7^-©^&9ti. IE¥fclECElwffl^£3' dNTPii^i 

"c«8tt$ti^3' dNT?mmm*itim&t\sXA^mvhz> mz-iz. 3'dATP 

(CORDYCEPIN 5' -TRIPHOSPHINE) it. SIGMA. ST. LOUIS. MO. USA^ ^Product No. 
C9137 ttt, BOEHR I NGER MANNHEIM. Mannheim. Germany^ ^Product No. 81428 
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8 tLTA^aHfeT&Zo ar- 32 P-3'dATP (3' -[ tf- 32 P]-CORDYCEPIN 5' -TRIPHO 
SPHINE) li. DU PONT/NEN Research Products. MA, USA ^Product No.NEG-026 
i:LTA#pIt|-e*>§o D ^5t^^n/c3' dNTPi^lt #BflBg 6 

3 - 1 5 2 3 6 4^ ftmW- 7-5 1 70f, 5 - 5 0 2 3 7 1 

n/^3' dATP, 3' dGTPs 3' dCTPM3' dUTP^ffll\ &W&f&yB& 
-rZ>Z£X\ &W&mt<DWB&l£tii&JkZZ£1fi'Ci&Zo C©«k r> (C3' d NTP 

^y-©tfcaili> ^n^T'DNA->-^i>-»^i:ffl^Tl^SI?: 
SClttt^U< l^^fa7C^X(i^3t^^n/cATP. GTPs CT 

£<b^ mteZWtftTmWiZtltzS dATP. 3' dGTP. 3' dCTPSCF3' 
dUTP*ffll\ *W<3' d ATP. 3' d GTP> 3' dCTPX(i3' dUTPT 

Woti&'ty k© 4 «s©3bt£&ffi-r sitt-RN a x^noie^j 

4a^©Hte6 (3' *SJ803' d NTP) fc\Ztzmb&3£rz>'<y K#f*«=>;fu Z 
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2 tmji&m&iz^xmmz 5 y- &j&m. Ltz^ cm-o ? y-mz 2 w>x 

EfllWfR£8:*bT. t^Dfcfii LTffll^ftfcDNAOE^*^**:: t 

-flic 4»CDtM©'<> K*<##-r<&%£) \z\U lo07y-^bHW:R 
NAXti&Bfc@E?U1f *B^£. fe^CDSIMt LTffl^£ftfcDNA©K*fl«:ifc5£-r 
2>Z kfrXZZo 

3' d NT P CD^&TTti R N Afs^SCfrcfc ^TI*m i: UTiSSTS ft* C 

y-^^yxmox^iz 1 ^m^v^u- hDNA£&ffi-r*#^*>. y^>rv 

■-t>i&S#<fc<* $bi:^-^x>-»ry7-<-7-©^wy'J ¥>(X<Dtz#><D 
$&9E3M*>&&k PCR^BSc^)©lf^©j^#t>^{t-r; 

1 

PCRSlfc 

TSH/8iiMl^o CCDDNASBrK" 1 P g> 1 0 /zMC^-fv- (T 
7 T/^-fv-irM 1 3 U'<-X^7-f7-) . 2 0 0 z/M©#2' t^^U #7 
•^U^-i/K5' h'J7t^7x-F (dATP. d GTP> dCTP> d TTP) 
&^t!2 Q ii \®m*Xft-otz 0 :©^CTa q#'J y ^~tf««tt C5 0mM 
K C 1 > 1 OmM Tris-HCl (pH8. 3), l~3mM MgCh, 
0. 0 l%t7f » tO. 5a-^©Taq^'jy7-b^iJllU:o 
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S&1CD1M *>Ui9 5°C (aft) T5m 5 5-6 0°C (T-~ «J T 
l#f8k 7 2°C (x^Xf>i/a» T2^IHi:Lfco ZCD-** 9 MZfo\,*T\ 
9 5tt'im 55~60'Ctim 7 2°CT2#PiS©1f-f ?;l/£2 5 — 3 

JiiePCRS^© 1 — 5 /z 1 10 — 50 /zM(D3' f^+S/U ? 
f- K5' b U 7 *- 1 oT'&&3' d ATP© lo, 10 0 //MOl-'J # 
??U*^K5' h 'J 7 *x:7x- h (ATP. GTP. CTP, UTP) , 0.5 
/zl©a- 32 P-UTP (3000C i /mm o K 1 OmC i /m 1 ) 

(Amercham. Buckinghamshire, UK3 % 4 OraM Tris-HCl (pH7.5) , 
5-1 OmM MgCl 2 > 1 OmMW^H'h-^k 1~ 5a- y h©T 
7RNA^U y ^--t?'^tr-^>^'J >^f-^.-^(ii^linU ^ttM^l 0 jlc 1 

3' -r^+'^UsH?^ K5" h 'J7*^7x-bM dCTP. 3' dGTP 

Xte3' dUTPO^t)lfli:tTo/: 0 

ff^ftfclf >7°;l,{;t. 3 7 C C"C3 0$M h Ltz Q #EJ&«& 

1*3 /z 1 0*;l/i7; K^-T (9 5«*^T; b\ 1 OmM EDTA. 0. 
0 5%7*DA7xy-W-SO'0. 0 5% + ->i/>->7;-^) £fi£-U 

BAS 2 0 0 0>f If- (FU J I ) (CTPflT^fc-^-^o 

f£Jfe#J2 

.hlfiPCRSra© 1 ~ 5 ju 1 10 — 50 /iMOMI (fh7>f;l/ 
-C^iaL/i3' -r^+^'J ? K5' h'J7tX7x-h01 

8 
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-oT£>£3' dUTPO 10 0 #M©3-U tf? ? K5* b U 7t^7i 

- h (ATP. CTP> GTP> UTP) . 4 OmM Tr i s • HC 1 (pH 

7. 5). 5-1 OmM MgCl 2 . 10mMmxNh-/K 1~5^- 
h©T7RNA**'J ^ 7— tf^^^^'J V/fa-^^lDU 

1 0/zltU: o «k f b7 ^f^n-y i >«LU' ft+-> 'J 

£U 3 // lOt^AT; K^-f ( 9 5 96*;1>AT S h\ 1 OmM E 

DTA) KSJSU 8 0 o CT-5^WJniffeU HPffiK. 4 

:r^u ab 1 3 7 T^ia^-^^vt-ia^i^?^^^ * 

3t3t«»3' f r ^+'>'J#5r^U^^K5' h'J7t^x-W dCTP. 3' 
d G TPX(i3' d A T P CD»& *>[^»K*t-5 - t*<"C£ 

TMR (f h7>f^o-^;» ««3'- f*+^ 'J i?V-5'-h'Jta7 

1 ) 3' - ^^^-S' h U t^I^ >J i>> (3' -Deoxy-5' -0- 

dimethoxytrityluridine) 

y-m^'J'^V (4g), h"Jxf;l/7^> (2. 4 6 ml). N.N' - 
i^jtf-JlTl J WJy (0. 7 6g) £f>j^> (lOOml) C*»U 4. 
4 -_ c?y h ij ? x-VU^^^^a U K (1 3. 1 3 g) <Di&it / f- U > ( 

7 0ml) »Jft£iHl*.*:fc£fi*e2 5 BtlHSEES-frfco £l£**Tm. 

T3 '- ^^->-5' -0--^y h + "> h 'J^^t? 'J ^> 9. 0 4g*Sfc (»DU£ 9 7. 
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2*0 o 

2) 2'-0- TH?^;U-3 , -7 s 5M ! -S'-5 , -0-i?./ Y*r^Y>)=f-)\,*J*) : Jy (2' -0- 
Acetyl-3' -deoxy-5' -0-dimethoxytri tyluridine ) ©-£j?$c 

3' - 7^*->-5' h^-> h 'J U >>> ( 9 . 0 2 g) ££'J >>> 

(1 0 0ml) K»A?U ^Tm?mm OOml) *fiD>LJ^amfiT'— ffiS 

J*fcU^^fiafa^7Kr^L/-co S^x 7 t ;uji£&7j<fl»vr* At^ilt, 

^+-9- "CfltSLT^-O- T-bf-yl/-3 , -7 s ^"4 t '>-5 , -0-^y h + >h 
Mt^I/O M S>>7. 1 2 g£f#*i (IR*7 3. 2«)o 

3) 2'-0- T-trf-;U-3' -7^^-+^^'; ^>(2'-0-Acetyl-3'-deoxyuridine) © 
2'-0- T-tr^yU-3' -f=^-+->-5' h + ^ h U^UO 'J >>> (7. 1 2 g) 

T-fc^;U-3'--r3f*->** U i*>2. 5 8 g (iR^ 7 6 . 8 %) 0 

16.6 : 1 4 8 ~ 1 4 9 "C 

'H-NMR (27OMHZ,DMS0-d«) Sppm: 1. 92-2. 01 On. 1H. 3' -Ha), 2.06(s.3H. 
CH 3 C0). 2. 17-2. 23(m, 1H. 3' -Hb). 3. 35(brs. 1H. 5' -OH). 3. 52. 3. 71 (2dd. 2H. 
J=3. 2. 12. 2:2. 7. 1 1. 9. 5' -Ha, b). 4. 20-4. 30(m. 1H. 4' -H). 5. 22-5. 26(m. 1H. 2' -H). 
5. 61 (dd, 1H. J=2. 2. 8. 1Hz. 5-H). 5. 78(d. 1H, J=2. 7Hz, Y -Yd. 7. 91 (d. 1H. J=8. 1Hz. 
6-H), 11.32(brs. 1H.NH) 

4 ) 2' -0- -7=^+^-5- 3— KO 'J i?>(2' -0-Acetyl-3' deoxy-5 

-iodouridine) ©-^JjSc 

2' -0- T^Jl-Z' -r-t^-i/^ V (2. 4 7 g) OT-tr K~ h 'J ;U (1 5 
Om 1 ) ^<CJ^-T>^x^A-tr >; OA (IV) (2. 5 1 g) <b<£ ( 1. 
3 9 g) €-flSJnL 8 0°CT 1 Bf -t*r/c 0 £E&**7&, £lM£*£E§*iU 

1 0 
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fc&Ltz 0 mm^^m^mymm^r^y^^-c^w^ mm&m&isrz -o- 

T-t?^;U-3' -f=^+i/-5- 3- 'J ^> 3. 3 7 g (IR^ 9 3 . 1 %) o 

'H-NMR (270MHZ.CDC1 3 ) Sppm: 2. 01-2. 07(m. 1H. 3' -Ha). 2. 12(s. 1H, 
CH 3 C0), 2.45-2.49(m. 1H,3'-Hb), 3. 48-3. 50(m, 1H, 5' -OH), 3. 75. 4. 09(2dd. 2H. 
J=2. 7. 12. 7:2. 0. 12. 4Hz. 5* -Hab). 4. 40-4. 50(m. 1H. 2* -H). 5. 79(d. 1H. J=l. 9Hz. 
1*-H). 8. 28(s. 1H. 6-H). 9. 50(brs. 1H. NH) 

5) 2'-0- T-b?)W -rtti/S-W- h'J 7^tD7t^i K-l"-^af 
— ;U) *7 >J v>> (2' -O-Acetyl-3' -deoxy-5-(3"-trif luoroacetamido-r- 
propynyl) uridine)CD^-fiK 

2' -0- T-tr^-3' -t=^-+->-5- 3- U i?> ( 1 . 0 g) ©DMF ( 1 2. 
6ml) mmzmmmffiT. N-^o^;l/h'j7;l/tD7-tr^i K (0. 8 8 
ml), Zoitm (I) (9 6mg) . ikffctfX (hij7i-^X^» 
7^»!7A (I) (1 7 7mg)SD>'JxWi>(0. 7 m 1 ) £}jn*.MiS 

-c 4 ^kri^ £ -e^ 0 RfcWL*ffl&m Lxmzjmz&it t+vy-t?;- 

bmm. (4 0ml) C&PL^^&ffiHtAG l x 8 (B i o-Ra dtf:32> 
HC0 3 -M; 2g) £ijnx.3 0#ffSif#L/co ftSML iStf££-£*t U#£ft^lg^ 

K^^-n- 'v*-* >*!£•&&) TmSbT2'-0- T-tf-^-S'-r^+^-B-CS" 
h'J7^oT-tr^^ F-r-7*De-;b) 9'J-7> 4 0 5mg^fl/: OR3*3 8. 
3%) o 

'H-NMR (270MHZ. DMS0-d 6 ) <5ppm: 1. 89-1. 92(m. 1H. 3" -Ha). 2.06(s.3H, 
CH 3 C0). 2.17-2.26(m.lH.3'-Hb). 3. 40(brs. 1H. 5' -OH). 3. 53. 3. 76(2dd. 2H. 
J=3. 1. 11. 9; 2. 7. 12. 1Hz. 5' -Hab). 4. 22-4. 30Cm. 3H. 4' -H. -CH 2 -). 5. 28-5. 31 (m. 
1H.2'-H). 5.75(d. lH.J=1.9Hz. l'-H). 8. 34(s. 1H. 6-H). 10. 06(t. 1H. J-5. 4Hz. 
NHCOCF3). 11.67(s. 1H. NH) 



6) 5-(3"-7;y-r-7"at-;l)-3'- ft+->9 'J^>-5'- h 'J t^7i- 
h [5-(3"-Amino-r-propynyl)-3' -deoxyuridine-5' -triphosphate]©-^ 

1 1 
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2* -0- T-fe^-S' -r**'>-5-(3"- MJ7^to7t^; K-l"-^a tf— ;U 
) WJy (4 2mg) £&§7jceu i>> (2ml) K»» U£&«EEtttt<£® L 
SEKlNMBJxv'*-*- (P 2 0 5 ) TttftLfco WHeti&rFKfc* t° 'J ^ > (1 0 
OxiD tl»7K^^-+-9-> ( 3 0 0 // 1 ) (l^j|?LlM-2- ? a a-4H-l. 3. 2-^> 
y^^+if^ Tt-xy * U >-4- ^->0^+"9->»tt (1 1 O/il) 3-flnx.l 0 
frfflmWLtZo &mmiz 0 . 5M-f* (h 'J-n- :Tf--«/T>*— »}/0 en?* 
X7x- h©DMFj&& (3O0//1) tF'J-n- :7'^;UT A (10 0 

# 1) ^imx. 1 OftfflmWl<tZo ^^ti Ji^^Ch'iJ ^>-7jc (9 8/2, 
v/v) «jR*lBJ^!E(r 1 5#WI«#Lfco 5I^7& 5 963E«lfflKK3fr*- HJ ^ 
A7jc«-»fiDLSlStt**EE»»U^o ff^tt^&CTk (1 0ml) £iDX. 3 0 
T^FdJJfcg^ 2 5 96 T >^r-T7K (20ml) ^Jn*- 2 B3MS81#L/io £J£&£ 

-Y - (*V-*tSl ; 1 . 2 X 3 0 cm ; feltim : h 'Ji^UT — >5A27-# 
*-hifg£j?l£ (pH7.5)0.05M -*0. 5lfiltf*»K4DjK (^«2L))-C»«!UT5-(3"-T 
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